The Damodar River is one of the important tributaries of the Bhagirathi -Hugli (Ganges) river system. As the river flows just in opposite direction of rain -bearing monsoon wind, devastating floods were regular occurrences for which the river was famous as the 'Sorrow of Bengal'. After Independence in 1947, to arrest the catastrophic floods, the Government of India constructed through Damodar Valley Multipurpose Project (DVP), a number of dams, barrage and diversion canals. The main aim of the present study is to trace out the hydrological changes that happened over a period of fifty years of the implementation of DVP on the mighty Damodar River in eastern India. It clearly shows the extent of man induced changes on river regime and their impact on fluvial environment. In the past due to unregulated free flow, the river Damodar opened a number of distributaries e.g. Behula, Kantool, Ghia, Kana Damodar etc. After the construction of four dams and a barrage, because of the massive diversion of upper Damodar water into canals, the lower Damodar is now starved of its natural flow of water. This resulted gradually either de-linking of some of the distributaries from the mother Damodar river and / or a few surviving distributaries turning into kana nadis (blind rivers). This is unique example of how human interference to natural drainage system has changed over the long past the hydrological conditions modifying life drainage into defunct one. Unfortunately, this created just the opposite reaction as instead of controlling floods, the lower Damodar basin is repeatedly devastated by man -made floods. Thus, the Lower Damodar segment shows a dynamic change from a turbulent, frequently overflowing river to now a timid, practically dying channel through human manipulation.
Introduction
The Damodar River is one of the most important right hand tributaries of the Bhagirathi -Hugli River (commonly known as the Ganga River) in its lower reaches in the state of West Bengal in Eastern India. The river Damodar rises from the Khamarpet Hills (1050 meters) of the Chotonagpur Plateau in Jharkhand, the western neighboring state of West Bengal where the study area lies. Leaving behind the dissected plateau of Chotonagpur in the west, this rain fed river enters the rolling plains of Bankura -Bardhaman districts of West Bengal (Fig. 1) . The river ultimately flows through the flat plains of Hugli -Haora districts of West Bengal and joins the Bhagirathi -Hugli River (Ganga River) which falls into the Bay of Bengal.
Morphologically, the Damodar Basin has to be divided into three segments: the Upper, Middle and the Lower (Fig. 2) . The Upper Damodar segment lies in the Chotonagpur plateau of Jharkhand state of eastern India and runs more or less west to east where a number of tributaries from the western plateau area have joined this mighty river. The Middle Damodar segment covers more or less a straight course continuing from west to east mostly along the boundary between the Bardhaman and Bankura districts of West Bengal. In this stretch, there is only a minor tributary, Sali, joining the main river from the Bankura district. The Lower Damodar segment (i.e. the study area) begins a little below the conspicuous elbow bend of the river in the Bardhaman district after the city of Bardhaman and it now continues in a more or less north to south direction to join ultimately the Bhagirathi -Hugli River in Haora district of West Bengal (Fig. 2) . The River Damodar was typically known as the 'Sorrow of Bengal' for its notorious shifting and flooding activity that affected most of the years the people of the lower Damodar Basin mainly. This ornamental adjective is clearly indicative of the fact that over the centuries, the recurrence of flood was the most dangerous hazard of the environment of the entire area under study. Though Due to holding back of water in these dams and diversion of water from the Durgapur Barrage through Left and Right Bank Main Canals for irrigation purpose, the hydrological conditions have gone through lot of changes since Rennel's time (1783) till today. This has a great impact on the fluvial environment of the Lower Damodar Basin in terms of volume and velocity of water flows in the Damodar (Fig. 3 & 4) and its distributaries, depth of thalwegs, load -discharge relationship (Fig. 3) , river bank erosion, frequent shifts in the direction of river courses and discontinuation of water flows into some left bank distributaries making them blind rivers (kana nadis). The most worth mentioning of these human induced changes is the transformation of once distributary channel of the Damodar River into tributary of the Rupnarayan River as happened in case of the Mundeswari River (Fig. 8) . Hence, it draws our attention for investigation into what changes have occurred gradually over the years after damming the mighty Damodar River with a bid to tame the wild river and to make it 'civilized' in order to mitigate floods and to wipe out the sorrows of the people of West Bengal. Along with this primary objective of 'flood control' during the wet monsoon months, the mission of irrigating the parched fields during the dry winter months and generating hydroelectricity for industrialization in the Post-Independence period have turned the DVP into 'Multipurpose Project' in its true sense and the first ever in India.
Study Area

Location
The study area i.e. the Lower Damodar Basin (Fig. 1 ) forms a part of the eastern Rarh plains (Fig. 2) . It is lying in between 87 degrees 45 minutes and 88 degrees 15 minutes east and 22 degrees 15 minutes and 23 degrees 10 minutes north. It not only includes the Lower Damodar Basin area but also is extended to incorporate the areas of all the police stations through which the river with all its distributaries have flown. The available statistical data covering all aspects are on the basis of the smallest administrative units (the block / police station), and as such the study area covers 3393.27 sq. km. There are 243 villages (mouzas) in 19 police stations of the 3 districts, namely Bardhaman, Hugli and Haora of West Bengal (Fig. 2) . The area is bounded by the catchments of the Dwarakeswar -Rupnarayan Rivers in the west, the Saraswati -Hugli riverine system in the east and the Banka River in the north (Fig. 7) .
These two Photos are clearly indicative of the nature of flow of the Damodar River during the Pre -DVC period: 
Topography
Topographically, it is a vast low lying plain intercepted by many drainage channels, elongated detached channels (bils) and marshes. Here, although the general slope of the Rarh (western bank of the Hugli River) plain is towards the east i.e. towards the north -south running Bhagirathi-Hugli River; in its own area the Damodar is having a southward slope [1] . The lower Damodar basin is drained by the river Damodar and its distributaries on either side, a few of which are unceremoniously terminating within the land area; earning the nick name 'kana' or blind. The main distributaries are Mundeswari in the west and Kana Damodar in the east. The plain is frequented by a number of marshy lowlands and cut off channels mainly in the north.
Climate
As the study area extends latitudinally between 22 degrees 15 minutes and 23 degrees 10 minutes north, it is very clear that the area is characterized by the 'Tropical Monsoon' climate, indicating thereby the dominant influence of the area's tropical location and the monsoon winds. The lower Damodar basin is lying barely 1 degree south of the Tropic of Cancer and due to this typical tropical location; the wet season comes in summer while the winter is relatively dry. Temperature increases during the dry summer months and later on lowers considerably by the outburst of the south -west monsoon rain which continues for over three months (annual rainfall ranges between1200 mm and 1800mm) before it starts to retreat for the year. So, the general impact of the monsoon on the hydrological conditions of the study area is that the practically dried up rain fed rivers of the pre -monsoon period here, swell up with the full burst of monsoon causing heavy flood.
Methodology
The present work is carried on under three stages of investigations, i.e., I) pre -field, ii) field and iii) post -field stage. Pre -field study included a) library work for previous literature on the subject, b) the study and use of topographical sheets published by The Survey of India (sheet number 79A/4, 79B/1, 79B/2, 79B/3, 73M/16, 73N/13, 73N/14 and 73N/15 of 1: 50,000 scale), c) the study of micro relief conditions (at 03 meters contour interval) on the basis of Diagnostic Survey of Rarh Bengal, d) The study of maps of Geological Survey of India, e) consultation of Old Maps, Government publication and reports. During the field study period, information and data are collected and photographs are taken. Post field study includes processing of information collected during pre -field and field stages. Cartographic representations e.g. maps etc. are done at block / police station level. Finally, interpretations are made and conclusions are drawn with suitable recommendations.
Results
Hydrological characteristics of a drainage basin are related to three important aspects i.e. precipitationevapo-transpiration, surface drainage condition and sub surface drainage condition or ground water resources. Characteristic changes over prolonged period in any one of these three factors due to natural and / or human interference affect the optimum utilization of water resources which is singularly vital for the integrated and intensive development of agro -economy of the area concerned. The evolution of the drainage system in the lower reach of the Damodar River is closely related with the anastomoshing character of the channel. This division of channel water into a number of branches or distributaries is again related to topographic slope (Run: Fall), load -discharge relationship (Life Drainage: Defunct Drainage) [2] as well as to human interference (in the present case construction of dams and barrage in the upper and middle courses respectively, massive deforestation in the up -valley region, lifting of sands from the river bed in the lower segment etc.). These physico -cultural causes mostly in combination, are responsible for division of channel water with the excavation of new beds and / or diversion of water through the pre-existing other beds. The Damodar river in its lower reaches opted one or the other such channel at different periods to push major part of the water flow through it, making that channel the most important for that time over the long past as indicated by Barros,1550. Previous maps / sketches in relation to drainage evolution: It is under the super vision of J.Rennel [3] that a series of surveyed maps of Bengal areas were prepared and published. Before that quite a few tourists came to Bengal and illustrated their tour accounts with sketches that gave records of the location of some towns and villages in relation to the river courses such as Barrow, Vanden Brooke and others. As far as the river courses and their layouts are concerned, these sketches can never be taken as reliable and concrete evidences. So, in respect of changing sequence of the Damodar, the present author has mainly taken into account the riverine phases starting from the Rennel's map, 1783 (Fig. 5) .
Lower Damodar in Rennel's Map:
In this map, "Rennel did not show the Mundeswari, the westernmost distributary of the Damodar River, but has indicated two Damodars from the same point -one flowing due south (the then present course) to join the Hugli and another flowing south and east in an arcuate path to join an unnamed stream (Saraswati River)", [3] . The second one was named as 'Old Damodar'. Hence, Rennel's map also showed Kana nadi as the old bed of the Damodar River (Fig. 5) .
Lower Damodar in Walker's Map:
The map surveyed in 1867 -71 and engraved by J & C Walker as shown in Fig. 6 , represents a detailed picture of the Damodar drainage system. During that time, most of the Damodar water passed through the Mundeswari River (Fig. 6) . Naturally, the Mundeswari had swollen in volume and become the main drainage line in this tract. Thus, by 1865, the major drainage line of the Damodar drainage system became the Mundeswari with the outfall into the Rupnarayan River, and the then subsidiary channel was the Amta Channel (Fig. 6) .
Changes during the Post-DVC Project period:
Before the execution of DVC Multipurpose River Project, the Damodar overflowed regularly during heavy monsoon rains and caused extensive floods which gave rise to emergence of a number of distributaries e.g. Behula, Kantool, and Ghia etc. As the four dams (Tilaiya, Konar, Maithon and Panchet) came into operation after 1948, the huge monsoon water flows of the upper Damodar catchment area were held back in the adjacent reservoirs of those four large dams. Furthermore, due to diversion of the downstream flow from the Durgapur Barrage through the Left and Right Bank Main Canals, lower Damodar became a lean and thin stream with considerably feeble flow (Fig. 4) . This resulted in the discontinuation of the flow into some left bank distributaries of the Damodar River, so much so, that these channels became completely cut off from the mother river although even then a few distributaries continued hesitant flows as Kana Damodar Rivers, both from the right and left banks (Fig. 8) .
Present Drainage Condition:
The present drainage map (Fig. 8) gives the detailed drainage condition of the lower Damodar basin with a number of Kana nadis coming out of the main river and its main distributary, the Kanki-Mundeswari River. There are a few link channels modified with human efforts referred to as khals e.g. Madaria khal, Bakshi -Gaighata khal etc (Fig. 7 & 8) . The most significant of the Kana nadis may be mentioned as Kana Damodar (Fig..8) flowing by the east of the main river. The picture given in Fig. 8 is of late further changing with the main part of the Damodar flow being diverted through the main irrigation canals. Thus, the fully jacketed Damodar with a considerably depleted flow is unable to maintain the supply link with its feebler distributaries channels. So, some of these channels have now been detached from the mother river i.e. Damodar.
This area of south Bengal having per humid monsoon condition, obviously set these cut off channels e.g.Behula, Kantool, Ghia etc. (Fig. 7) as drains of the country side to carry the flow further south eastward into the adjoining Saraswati River (Fig. 7) . Hence these rivers that were once distributaries of the Damodar River now became the tributaries of the Saraswati River. This is a unique example of human induced river capture [2] . The Kana Damodar on the other hand, still having a feeble upstream link with the left bank of the Damodar River, has been subsequently connected with the Hugli River by man -made canal (Haora drainage canal). Thus, at present, the surface drainage of the area under study comprises mainly of the Damodar, Kana Damodar, and the Kanki-Mundeswari Rivers along with a good number of channels (i.e. the old beds of the Damodar River) and marshes. Though the Damodar falls into the Hugli River, the Mundeswari has a special dual status of channel designation -it is acting as a distributary being originated from the Damodar River and at the same time it is playing the role of a tributary joining another master river i.e. the Rupnarayan which also flows ultimately into the Hugli River (Fig. 8) .
Discussion
The occurrences of devastating floods and water logging i.e. the typical environmental hazards of the lower Damodar basin are related to the physiographic, meteorological and socio-political factors. The upper valley covering four-fifths of the total catchment area is a hilly terrain with very steep slope. In contrast, the lower valley is strikingly narrow, elongated in shape and constitutes a flat plain. Hence, there is a natural tendency for river water to rush down the steep slope in times of heavy rain causing catastrophic floods and thereby damaging human habitats and agricultural lands.
The valley is also critically poised in relation to the path of the monsoon rains that account for around 90 percent of the total annual rainfall of the valley. The course of the Damodar is parallel but opposite to the direction of the rainstorms. The monsoon clouds originate in the Bay of Bengal and move up in the northwesterly direction so that the lower part of the river is already in spate. The lower Damodar basin having flat plains and fertile alluvial soils is highly productive which has given rise to congestion of human settlement as well as agricultural practices right up to the banks of the river at many places. The entire course of the lower reach of the Damodar had been fully jacketed by earthen embankments which were built on both sides of the river by the local villagers and administrators to give protection to the adjoining areas against floods. As these were not high or strong enough, the earthen embankments could not protect the lands from larger floods (peak flow of 5,500 to 8,000 cubic meter / second) which occurred once in every ten years on an average. During the last century, floods of extremely high magnitude (having peak flow of 12,000 cubic meters / second and more) occurred in 1913, 1935, 1943, 1978, 1984, 1995 and 2000 . With these floods of high magnitude, there were shifts in the course of the Damodar River as it has been recorded from old maps and other records. This 'Sorrow of Bengal' was attempted to be tamed in different periods by diverting its monsoonal flood flow firstly through the 'Eden Canal' to the Bhagirathi-Hugli River. But the attempt was virtually futile as this could not solve the problem fully.
Considering were completed producing total flood reserve of 1850 MCM. But the second phase of construction was not taken up due to shortage of fund for which the system remains critically deficient in flood moderation capacity. This has further been reduced due to silting in the reservoirs to 1200 MCM only i.e. just around 33 percent of the requirements for the purpose of desired level of flood moderation not complete protection from it. Naturally, therefore, the expected flood-padding capacity was not reached. As a result, during the late monsoon heavy cyclonic downpour in some years when these reservoirs became full to the brim, the DVC authorities suddenly released from these reservoirs huge quantity of water to save the dams from bursting. These avalanches of surging water, at places 9 meter deep, swept away the huts and submerged the inhabitants and their properties as well as the standing matured crops. So, this is another unique example of human induced changes in hydrological condition that create man made floods.
On the other hand, there are some years, as in the recent periods, when the monsoon rainfall is not enough for storing adequate quantity of water in the upstream reservoirs of the DVC to provide irrigation water in the dry winter season for some major crops e.g. winter (boro) paddy, potato, and pulses. Consequently, not only the farmers have to reduce the area for those crops, but also are forced to depend entirely on ground water lifted through shallow tube wells (STW) and deep tube wells (DTW). As a result, the rechargeable aquifer levels sink down so much that later in the dry hot period acute drinking water scarcity develops and almost all the tanks become dry. The fallacious situation is that the DVC is agreeable to supply 'irrigation water' through its network of canals during the monsoon when it is absolutely not needed.
However, it is only through the Damodar Valley Multipurpose River Project which has now not only totally stopped the overflowing of the lower Damodar but also has put the once turbulent river into continued swoon (Fig. 4 & 9) . Secondly, as the distributaries are starved of the natural flow being cut off from their mother river on account of holding back of huge quantity of water in the reservoirs and barrage, they are now in moribund condition and no longer carry excess water in times of monsoon bursts.
Thirdly, most of the de-linked channels have turned into blind rivers (kana nadis) and remained dry for most of the years. These river beds are now used not only for large-scale cultivation of crops and flowers but also migrant settlers.
Fourthly, in the pre -DVC period, rivers and channels which were flushed regularly by the monsoon rain supplied huge amount of water into the Bhagirathi -Hugli (Ganges River System) River that ultimately had a positive bearing upon the port of Calcutta. Instead, during the post -DVC period, in absence of regular flushing of silts and clays, those were deposited in the bed, reducing there by the depth of the thalwegs of the rivers considerably.
Fifthly, through the human induced changes along with the execution of the DVC projects, all the canals, rivers and their branches were fully jacketed to control further overflow and floods. As a result, the upper basin-wash sediments that were carried along the channels and canals continued to sit at their beds. This led to the development of increasing quantum of defunct channels (kana or blind rivers, marshes, ox-bow lakes, etc.) [1] .
Lastly, it is to be said that lower Damodar basin is made up of plateau-wash sediments carried down by the rivers which spread over the area a thick layer of clay-loam soil with a reddish hue [2] . With the control of repeated normal river floods, the new fertile alluvial soil formations have virtually been stopped.
Thus, from the aforesaid discussion it can precisely be said that construction of large dams and barrage on the Damodar River has brought a dynamic change in the hydrological condition of the area with a far reaching impact on the fluvial environment. Undoubtedly, it is the miracle of modern technological development envisioned for the socio -economic benefit of mankind but it has not fulfilled its primary mission of saving the people from natural calamity of floods; instead it has now given much more emphasis on hydropower generation for country's industrialization.
Conclusion
Therefore, it is found that from the very beginning, the Damodar Valley Project (DVP) had become the'crippled child' of the Indian Government in respect to' Flood Control'. Though it can moderate floods to a certain extent, it cannot solve the total monsoon and post -monsoon flood hazards. Instead, it releases huge quantity of water from dams and barrage in almost every year causing great loss to human lives and properties. This large river project in the upper hilly catchment is responsible for decreasing depth of the Damodar River bed in the middle and lower courses and de-linking of almost all the distributaries of it in the lower segment.
These changes in hydrological conditions, in turn, have resulted not only in stagnation of flood water for a long period of time damaging crops but also almost stopped the deposition of fresh sediments used to be deposited with each year's flood during the pre -DVC period. Even with full scale development of storage through second phase construction, it is absolutely necessary to adopt some on -stream measures such as channel improvement, protection of embankment as well as off -stream non-structural measures like flood zoning, flood insurance, flood time evaluation system and stopping deforestation and human encroachment onto the bed and bank of the rivers. These actions can go on simultaneously and steadily so as to improve the capabilities of the system intrinsically. Hence, the efficacy as also the up gradation systems need to be evaluated continuously especially for a congenitally ill -developed and ill -equipped system like DVC -a developmental miracle to sustain in a tropical country like India following the model of a river valley project of a temperate land.
